Abstract. Increasing evidence indicates that dysregulation of miR-195 may contribute to the occurrence and development of multiple types of human malignancies. However, the function and the mechanism of miR-195 in clear cell renal cell carcinoma (ccRCC) are still not fully understood. In the present study, we used qRT-PCR to detect the expression of miR-195 in ccRCC tissues and normal kidney tissues. MTT assay was performed to detect the cell viability of miR-195. Migration and invasion were evaluated by Transwell migration and Matrigel invasion assays, respectively. Additionally, apoptosis levels were evaluated using TUNEL assays, and signaling pathway changes were determined by western blot analysis. We observed that miR-195 was downregulated in clear cell renal cell carcinoma samples compared with normal renal samples. We identified that overexpression of miR-195 inhibited ACHN cell viability, migration, invasion, and it also induced cell apoptosis by targeting VEGFR2 via PI3K/Akt and Raf/MEK/ERK signaling pathways. These findings indicate that miR-195 has a tumor suppressive role in ACHN cells and miR-195 may be a promising candidate target for prevention and treatment of renal cell carcinoma.
Introduction
Renal cell carcinoma (RCC) is the most common renal neoplasm in adults, and clear cell renal cell carcinoma (ccRCC) is the most common pathological type, accounting for approximately 75-80% of the cases of renal tumors (1) . Although most patients can be treated by surgical resection in early stage, there are still many patients who will develop recurrence or the localized tumor will occur distant metastasis. The traditional therapeutic options are still not effective enough on renal cell carcinoma (2) . Thus, there is an urgent need for novel diagnosis and treatment of RCC.
MicroRNAs are endogenously expressed single-stranded non-coding RNAs. Their length is approximately 18-25 nucleotides, which can bind to the 3'untranslated region (3'UTR) of target mRNAs, causing degradation of these mRNAs or inhibition of their translation to functional proteins (3) . Posttranscriptional regulatory factors, play an important role in the proliferation, differentiation and other biological processes including tumorigenesis (4) . MicroRNA-195 is downregulated in a variety of cancers, such as human tongue squamous cell carcinoma (5), gastric (6) , breast (7) and ovarian cancer (8) . These studies showed that miR-195 acted as an anti-oncogene in these types of cancer. Although Slaby et al (9) have found that the expression level of miR-195 in recurrent tumor is lower, the functional role and mechanism by which miR-195 exerts its activities in clear cell renal cell carcinoma remain to be elucidated. In the present study, we confirmed that microRNA-195 was significantly decreased in renal cell carcinoma tissues compared with non-cancerous renal tissues suggesting that it may participate in the occurrence and development of ccRCC. At the same time, it also suggests that miR-195 may function as a tumor suppressor gene in ccRCC. Table I . ) were seeded in 96-well plates in 100 µl culture medium and allowed to attach for 24 h. Then cells were transfected with miR-195 mimics, miR-195 inhibitor, and their corresponding negative controls for 48 h as we mentioned before. After the treatment, the medium in each well were removed and replaced with PBS solution with 5 mg/ml 3-'4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, MO, USA) and then the plates were further incubated at 37˚C for 4 h. The remaining supernatant was then removed and 150 µl dimethyl sulfoxide (DMSO; Sigma-Aldrich) was added for 15 min to dissolve the formed crystal formazan. Finally, the absorbance was measured at 490 nm using enzyme-labeled analyzer. Three independent experiments were performed.
Materials and methods

Human
RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR
Cell migration and invasion assays. For migration assay, 5x10 4 cells resuspended in serum-free DMEM after transfection were placed in the upper chamber with 8 µm pores (Corning, Corning NY, USA) and incubated at 37˚C in 5% CO 2 continuously for 24 h. The bottom chamber contained 10% FBS as a chemoattractant. After the incubation, the non-migration cells on the upper membrane surface were removed with cotton swab. Cells that had migrated to the bottom of the insert were washed twice with PBS and fixed in 100% methanol stained with 0.2% crystal violet. The migrated cells were photographed under a microscope (magnification, x200) and counted in five random fields. Matrigel-precoated Transwell inserts (BD Biosciences, San Jose, CA, USA) were used for the cell invasion assay. Similarly, the lower chamber was filled with 10% FBS as a chemoattractant. After 24 h of incubation at 37˚C in 5% CO 2 , the cells that had invaded through the membrane were fixed, stained and counted. Each experiment was performed in triplicate.
Cell cycle analysis. The influence of the change of cell cycle was analyzed by flow cytometry. The transfected ACHN cells (1x10 6 cells) were washed with PBS and fixed in 70% ethanol overnight at 4˚C. The cells were then labeled with propidium iodide (50 µg/ml) and RNase (100 µg/ml) (Sigma-Aldrich) for 30 min and were analyzed using a fluorescence-activated TUNEL assay and DAPI staining. Cell apoptosis was measured by TUNEL/DAPI double staining assay as the manual recommended. The ACHN cells were seeded in coverslips in 6-well plates with the same cell number per well (1x10 5 ). Cells harvested 48 h after transfection were washed with PBS/1% BSA and fixed in paraformaldehyde solution (4% in PBS) for 20 min at room temperature. After washing with PBS three times, the cells were permeabilized in a solution containing 0.1% Triton X-100 in 0.1% sodium citrate for 2 min on ice, followed by incubation in freshly prepared TUNEL reaction mixture terminal deoxynucleotidyl transferase (TdT) and TUNEL dilution buffer at the ratio of 1:10 for 60 min at 37˚C in the dark. Then anti-digoxigenin peroxidase conjugate was added, and incubation continued in a humid box for 30 min at room temperature. After washing with PBS three times, DAPI (Roche Molecular Biochemicals) was added for 10 min at room temperature to stained nuclei. The coverslips were then washed with PBS three times and manipulated with anti-fading solution. Finally, the cells were observed on slides by a confocal microscope (Olympus FluoView™ FV1000).
Western blot analysis. Total protein samples were extracted from transfected ACHN cells using lysis buffer containing protease inhibitor. The protein concentrations were measured using the Bio-Rad protein assay system (Bio-Rad Laboratories, Hercules, CA, USA). After boiling the samples for 5 min, the protein samples were run on SDS-PAGE (8-15% polyacrylamide gels). The lysates were resolved by electrophoresis (70 V for 25 min and 120 V for 1.5 h) and transferred onto NC membranes (nitrocellulose membrane; Bio-Rad Laboratories). After blocking in 5% non-fat milk in Tris-buffered saline with Tween (TBST) for 2 h, the NC membranes were treated overnight at 4˚C with the following primary antibodies: Bax Cell Signaling Technology). The next day, the NC membranes were washed in PBS three times and incubated with secondary antibody: Alexa Fluor ® 800 goat anti-mouse or anti-rabbit IgG (Invitrogen) diluted at 1:4,000 at room temperature for 1.5 h. Western blot bands were quantified using Odyssey v1.2 software by measuring the band intensity (Area x OD; Optical Density) for each group and normalized to GAPDH (glyceraldehyde-3-phosphate). All the presented results are representative of at least three independent experiments.
Luciferase assay. To generate reporter vectors bearing miRNA-binding sites, the 3'-untranslated region (3'-UTR) of VEGFR2 and its mutation type were synthesized. The construct was inserted into multiple cloning sites downstream of the luciferase gene (SacI and HindIII sites) in the pMIR-REPORT luciferase miRNA expression reporter vector (Ambion, Austin, TX, USA). For the luciferase assay, 0.1 µg of luciferase reporters containing 3'-UTR were cotransfected with miR-195 or miR-195 inhibitor into HEK-293 cells using Lipofectamine 2000 (Invitrogen). As an internal control, 10 ng of Renilla luciferase reporters were also included. Forty-eight hours after transfection, the cells were collected and DualLuciferase activities were measured by a luminometer.
Data analysis. Data were analyzed using the GraphPad Prism 5.0 and the SPSS 14.0. The data were presented as mean ± SEM. Two-tailed unpaired Student's t-tests and one-way ANOVA were used for the statistical evaluation of the data. The Chi-squared test was used to investigate the significance of miR-195 expression as correlated with clinicopathological features in renal cell carcinoma. P<0.05 was considered as indicating statistically significant differences. 
miR-195 induces cell cycle arrest in ACHN cells.
By exploring the effects of miR-195 on cell cycle distribution, we can learn more about the intrinsic mechanism of miR-195 on cell proliferation. As compared with control in Fig. 4 , the percentage of cells in S and G 2 phase was significantly increased upon treatment with miR-195 mimics.
miR-195 induces apoptosis in ACHN cells.
To investigate whether miR-195 can induce ACHN cells to apoptosis, TUNEL assays were used to confirm apoptosis changes. DAPI positive cells showed that total number of each group were almost the same (Fig. 5A, upper panel) . In the TUNEL staining, the merged pictures showed the double labeled cells which were the ACHN cells occurring apoptosis (Fig. 5A, lower panel) .
From the statistical graph, we found that the apoptotic rate of ACHN cells increased when the cells were treated by miR-195 mimics (P<0.01; Fig. 5B ). Taken together, these data indicated that miR-195 can induce apoptosis in ACHN cells compared with normal groups. apoptosis. Apoptosis is a complex process which involves a series of proteins. Bcl-2 is a member of the human inhibitors of apoptosis protein family (10). Bcl-2 expression in cancer has been implicated not only in inhibition of apoptosis, but also related to promotion of proliferation (11) . On the country, Bax and caspase-3 are symbols for apoptosis (12) (13) (14) . To further confirm the apoptosis effect induced by miR-195, western blot analysis was used to detect the apoptosis-related proteins as mentioned before. In treatment of ACHN cells with miR-195 mimics, the expression of Bcl-2 expression was depressed (Fig. 6A) . Interestingly, Bax in cell extracts was increased (Fig. 6B) . Furthermore, cells transfected with miR-195 resulted in the significant increase in expression level of relative caspase-3 suggesting the involvement of cell apoptosis prompted by miR-195 (Fig. 6C) (15) . When ACHN cells were transfected with miR-195 inhibitor, no obvious phenomenon was observed.
miR-195 overexpression inhibits Bcl-2 expression, and boosts Bax, caspase-3 proteins expression in the process of
miR-195 can regulate PI3K/Akt and Raf/MEK/ERK signaling pathway via targeting VEGFR2.
It has been reported that VEGFR2 is not only a vital signal receptor, but also involved in the regulation of cellular processes, including survival, growth, migration, invasion, apoptosis and angiogenesis (16) (17) (18) (19) (20) (21) . Furthermore, its downstream signaling pathways phosphatidylinositol 3-kinase (PI3K/Akt) occupied a central position in the pathogenesis of renal cell carcinoma (22) . In addition, the downstream signaling pathway: Raf/MEK/ERK pathway is involved in the proliferation and inhibition of apoptosis (23) (24) (25) . Thus, we investigated whether VEGFR2 could be regulated by miR-195, which had an inhibitory effect on ACHN cells through PI3K/Akt and Raf/MEK/ERK signaling pathways. We used qRT-PCR and western blot analysis to detect the expression levels of VEGFR-2 and its downstream signal molecules: Akt, MEK and ERK in different groups, tyrosine phosphorylation of these proteins is essential for cancer cell proliferation (26, 27) . The results indicated miR-195 suppressed the VEGFR2 mRNA, but had no effect on mRNA of MEK, ERK or Akt. Then, western blot analysis was performed to analyze the effect on proteins induced by miR-195 (Fig. 7A) . The expression level of VEGFR2 was significantly reduced and its active downstream factors: Raf, p-MEK and p-ERK1/2 were dramatically decreased following downregulation of VEGFR2 in ACHN cells. However, the expression of total MEK and total ERK1/2 remained only slightly changed after transfection in ACHN cells compared with control groups. We noted that the level of total-Akt was almost the same in overexpression miR-195 ACHN cells compared with control groups. As expected, the level of p-Akt was decreased in overexpression miR-195 ACHN cells compared with control groups (Fig. 7B and C) . Based on these results, we confirmed that overexpression of miR-195 in ACHN cells suppressed the phosphorylation of MEK, ERK and Akt, which are the downstream targets of VEGFR2. These processes could come through PI3K/Akt and RAF/MEK/ERK two signal pathways.
VEGFR2 is a direct target of miR-195.
To further validate whether VEGFR2 is a direct target of miR-195, luciferase reporter constructs containing a segment of the 3'-UTR of VEGFR2 (VEGFR2) or a mutated 3'-UTR of VEGFR2, which contained a mutated seed sequence (mut-VEGFR2), were generated (Fig. 8) . The constructs were co-transfected with miR-195 into HEK293 cells. Co-transfection of miR-195 strongly inhibited the luciferase activity of the reporter construct containing the 3'-UTR.
Discussion
The formation of renal cell carcinoma is a complex process which involves changes of various genes (28, 29) . A class of endogenous, single stranded, small non-coding RNAs, are known as miRNAs which can regulate multiple function gene expression at the post-transcriptional level and play important roles in biological processes such as cell differentiation, proliferation and apoptosis (3, 4) . Emerging evidence show that aberrant expression of microRNAs may contribute to kidney tumorigenesis (30, 31) . Recently, it has been shown that some microRNAs inhibit cancer via suppressing certain cytokines. For example, hepatocellular carcinoma was inhibited by miR-195 through VEGF inhibition and colorectal cancer was inhibited by miR-497 via regulating IGF1 (32, 33) . Slaby et al (9) showed that miR-195 was decreased in tumors from patients who developed relapse and in primary metastasis. In the present study, we confirmed that by qRT-PCR and considered miR-195 may play an important role in ccRCC progression. As expected, the viability of ACHN cells was suppressed by miR-195 mimics, the migratory and invasive activities were inhibited compared to that of the control. In addition, bioinformatic analysis shows that VEGFR2 is a potential target of miR-195. We first identified that miR-195 targets VEGFR2 in ACHN cells and then investigated the downstream signaling moleculars further in this study. Renal cell carcinoma (RCC), is the second most common form of urologic tumor associated with an alteration of multiple signaling pathways (34) . In addition, the PI3K/Akt pathway plays a critical role in kidney cancer pathogenesis. The p-Akt then activates a series of cancer-related functions such as cell growth, proliferation, survival and motility, which drive tumor progression (35, 36) . We found that overexpression of miR-195 significantly downregulated p-Akt protein expression in ACHN cells. Likewise, the expression of p-Raf and its downstream proteins p-MEK, p-ERK were decreased. The expression level of total Akt, total MEK, and total ERK had little change before and after transfection. Furthermore, we found that increased Bax and caspase-3 proteins, and attenuated expression of Bcl-2 protein level in transfected miR-195 mimics ACHN cells. In summary, overexpression miR-195 could inhibit activation of PI3K/Akt and Raf/MEK/ERK signaling pathways, which play critical roles in cell proliferation, migration and apoptosis. A schema of the role of miR-195 in ACHN cells is shown in Fig. 7 . Our findings provided a theoretical basis for further research on the mechanism of miR-195 in renal clear cell carcinoma, and provide a direction for gene therapy for renal cell carcinoma.
To the best of our knowledge, VEGFR2 is an important receptor of VEGF (vascular endothelium derived factor) reported to be powerful in promoting angiogenesis function (37) . Angiogenesis plays an important role in the process of renal cell carcinoma (38) . Hence we intend to focus on the anti-angiogenesis role of miR-195 in renal cell carcinoma in future research.
In conclusion, miR-195 suppresses ACHN proliferation and potentiates apoptosis by inhibiting both the Raf/MEK/ERK and the PI3K/Akt pathways via targeting VEGFR2. This may provide promising targets for ccRCC which remains an incurable disease. Overexpression of miR-195 could be considered as a potential therapeutic strategy for ccRCC therapy. More research will be required before applying it in the clinic.
